In vitro ultraviolet B (UVB) irradiation of human blood monocytes inhibits their accessory cell function for antigen-and mitogen-induced T cell responses. These studies were designed to characterize the nature of the UVB-induced defect in human monocyte accessory cell function. Irradiated monocytes were deficient in their ability to serve as accessory cells for OKT3-induced T cell activation. In vitro exposure of monocytes to 100 J/m2 UVB completely inhibited the T cell proliferative response (51502 cpm, non-UVB-irradiated; 302 cpm, UVBirradiated). Analysis of the accessory signals altered by UVB indicated that irradiated monocytes were incapable of binding to OKT3 molecules attached to the CD3 antigen on T cells. Provision of an alternative mechanism for binding of OKT3 molecules by attaching anti-mouse IgG to the bottom of microtiter wells completely restored accessory cell function.
Introduction
Ultraviolet B radiation (UVB)l (290-320 nm) is a potent modulator of specific cell-mediated immune responses (1-3). UVB-irradiated mice are deficient in their ability to initiate immune responses to UVB-induced skin cancer (4) , to contact sensitizing agents (5) (6) (7) and to certain microorganisms (8, 9) .
1. Abbreviations used in this paper: aMIgG, anti-mouse IgG; FITC-OKT3, FITC-conjugated OKT3 MAb; ICAM-1, intercellular adhesion molecule 1; MN (noUV), unirradiated human peripheral blood monocytes; MN(UV), human peripheral blood monocytes, irradiated in vitro with 100 J/m2 UVB; UVB, ultraviolet B radiation.
These observations have been ascribed both to an inhibition in the function of antigen presenting cells responsible for activation of helper T lymphocytes (5, 10, 11) and to the preservation ofthe antigen presenting function ofcells (12) required for the activation of suppressor T cell circuits (13, 14) . This translates into excessive numbers of suppressor T lymphocytes and deficient numbers of helper T lymphocytes in UVB-irradiated animals.
In humans, relatively modest doses of UVB delivered in vitro can inhibit the function of peripheral blood monocytes (MN) and epidermal Langerhans cells in accessory cell dependent assays of helper T cell activation (15) (16) (17) . The situation is somewhat more complex when humans receive this form of nonionizing radiation in vivo in that UVB exposure first inhibits antigen presentation by epidermal cells, but later augments that function (16) . However, the augmented antigen presenting capacity that occurs later appears to result from immigration into the epidermis of CD I -DR+ antigen presenting cells that are responsible for the preferential activation of CD4+, 2H4+ T cells (17) . One function of CD4+, 2H4+ T cells is to induce suppressor T cell formation.
The repeated observation that a decrease in the viability of UVB-irradiated cells is not a necessary precondition for the loss of antigen-presenting function has led to an examination of the accessory signals that are inhibited by UVB (18) (19) (20) (21) (22) . There is some evidence to indicate that altered IL-1 production contributes to this effect (21, 22) . However, the addition of exogenous IL-1 (15, 22) only partially reconstitutes the response when added to cultures containing UVB-irradiated antigen presenting cells. Other studies have implicated deficient antigen processing as an accessory signal altered by UVB (15, 18, 20, 21) . This, too, does not appear to be the sole accessory cell deficit imposed by UVB since denatured antigen also fails to completely restore the T cell proliferative response (23) . Furthermore, a UVB-induced impairment in antigen processing is unlikely to be the only accessory deficit, because essentially identical doses ofUVB inhibit monocyte accessory activity for mitogens, which are stimuli that are not processed (15) .
This study was designed to further investigate the accessory cell defects that accompany UVB radiation exposure. We were particularly interested in effects on the cell membrane since this aspect of accessory function has not been investigated previously after UVB radiation. For this purpose, an accessory dependent system was employed in which OKT3 served as the mitogenic stimulus. In this system, MN have been shown to bind, via their surface membrane associated Fc receptors, to the Fc portion of OKT3 antibodies that have attached to the CD3 complex on T cells (24, 25) . They also secrete the soluble cytokine IL-1 (25-27). Neither major histocompatibility complex restriction nor a stimulus processing step is required for activation of T (10, 000 U/ml), streptomycin (10,000 ug/ml), L-glutamine (2 mM), and Hepes buffer (10 mM). In some experiments cells from a PPD reactive T cell line (1 X 105) were used as responder cells instead of highly purified T cells (15) 
Results
Effects of in vitro UVB irradiation on MN accessory cellfunction for OKT3-induced T cell proliferation. Our previous studies had shown that in vitro exposure of MN to UVB radiation resulted in an inability ofthose cells to act as stimulator cells in accessory cell dependent T lymphocyte proliferation assays for the soluble antigen tetanus toxoid and for the mitogen PHA (15) . In the experiments presented here (Table I and Fig. 1 ), we examined whether the inhibitory effect of UVB on accessory function extended to assays in which OKT3 served as the mitogenic stimulus. Fig. 1 shows that a dose dependent decrease in T cell proliferation resulted when MN were exposed to various doses of UVB (0-100 J/m2). The UVB doses were not lethal for MN over the entire duration ofthe culture period, as assessed by trypan blue exclusion. Similar results were obtained when the responding cells were T lymphocytes from a PPD-specific T cell line that proliferated in response to OKT3 as well (data not shown). Furthermore, no inhibition of proliferation was observed in mixing studies in which MN(UV) were placed in culture with MN(no UV), OKT3, and T cells (data not shown), indicating that the defect in accessory cell function following UVB exposure was intrinsic to the irradiated cell population. Thus, similar to its effect on the accessory function for PHA and for soluble antigen, UVB inhibited the function of accessory cells required for OKT3-induced T cell proliferation ( 15) .
Effects of UVB irradiation on MN-derived accessory signals requiredfor OKT3-induced Tcellproliferation. The accessory signals required for activation of resting T-cells by anti-CD3 antibodies are well-defined. Accessory cells secrete the cytokine IL-1 (23-25) and they provide an immobile matrix to which OKT3 molecules attached to T lymphocytes are able to bind (24, 25) . The finding that UVB inhibited the function of accessory cells in this system suggested that it might be an excellent model for study of the effects of UVB on specific accessory signals.
In previous studies we had shown that UVB-irradiation of MN was associated with a greater than 95% reduction in their ability to produce IL-1 (15). Our initial attempts to reconstitute the accessory function of MN(UV) consisted of adding exogenous IL-1 to cultures. Neither recombinant IL-la nor IL-I,3, was able to provide even partial reconstitution of the proliferative response when MN(UV) were used as the stimulator cells (Table II) . Although the data presented in Table II employed 10 U of IL-l a and IL-1I3, essentially identical results were obtained with a wide range of IL-1 doses (0.1-100 U). Figure 1 . Dose-dependent inhibition of OKT3-induced T cell proliferation by UVB irradiation of MN. MN were exposed in vitro to various doses of UVB (0-100 J/m2) and then co-cultured with autologous, accessory cell-dependent T lymphocytes as described in Table I .
The inability of biologically active, exogenous IL-l to overcome the UVB-induced defect in accessory cells indicated that altered IL-l production was not the sole accessory cell signal modulated by UVB. Because Fc receptor-mediated binding to the antibody molecule represented another accessory signal required for T cell activation by OKT3, studies were next performed to analyze the effects ofUVB on this monocyte-derived activity. This was assessed in a cell binding assay in which the number of clusters of T cells around MN(UV) was compared to clusters ofT cells around MN(no UV). Table III shows a representative experiment. No cell clusters were detected in any culture at 0 h. A significant number formed after 12 h, and this increased further after 18 h (see also Fig. 2 A) . Thus, proliferation in cultures with highly purified T cells, MN(no UV) and OKT3 was accompanied by an increase in cell cluster formation. Cluster formation was strictly dependent on the presence of MN; no clusters formed in cultures with T cells and OKT3 or T cells alone. A small number of cell clusters formed in cultures containing T cells and MN in the absence of OKT3. The data in Table III demonstrate that a dose-dependent inhibition of cell cluster formation occurred when MN were exposed to UVB doses ranging from 0 to 100 J/m2. 100 J/m2 was sufficient to completely inhibit cluster formation (Fig. 2 B and Table III ). The UVB doses that inhibited cluster formation were identical to those that produced inhibition of T cell blastogenesis observed in Table I . These results indicate that MN(UV) were unable to form a physical interaction with the responding lymphocyte population. We reasoned that ifan alternative source for binding ofthe OKT3 molecule was present, restoration of the proliferative response might be observed. This was performed by attaching anti-mouse IgG molecules to the bottom of microtiter wells and adding purified T cells, OKT3 antibody and UVB-irradiated monocytes. Representative experiments are shown in Table IV . Cultures containing MN(no UV) showed a normal proliferative response (line a), which was reduced to background levels when MN were exposed in vitro to 100 J/m2 UVB (line b). Attachment of aMIgG to the bottom of microtiter wells in cultures with MN(UV) completely restored proliferation (line c). This was a consistent and reproducible finding (n = 6). It has been demonstrated that immobilization of anti-CD3 antibodies is sufficient to induce proliferation of purified resting T lymphocytes (24, 31, 33, 34) and this observation was confirmed in these experiments (line e). Restoration could not be achieved when OKT4 or OKT8 was added to cultures instead of OKT3. When soluble aMIgG was added to cultures in lieu of using it to coat microtiter wells, no reconstitution of blastogenesis in cultures with MN(UV) occurred, suggesting that an immobilized matrix was required for proliferation (35, 36) . Addition of biologically active recombinant IL-I alpha to cultures with T-lymphocytes, OKT3, MN(UV) and attached aMIgG failed to further augment the response (data not shown). Taken together, these results suggest that the primary effect of UVB was to inhibit the interaction between T cells and MN, and that by providing an alternative mechanism for binding with solid-phase bound aMIgG, T lymphocyte proliferation could be reestablished.
Effect of UVB radiation on the surface membrane expression of MN receptors involved in binding to T cells. OKT3 antibodies bind to the p72 Fc receptor, and it is through this receptor that monocytes mediate their binding function (37, 38) . The next series of studies investigated whether UVB irradiation of monocytes depleted or inhibited the expression of this type ofFc receptor. This was examined by determining the reactivity of MN(UV) with monoclonal antibody FcR32, whose reactivity is specific for the p72 Fc receptor (28) . Fluorescence intensity and number of stained MN(UV) was compared to that of MN(no UV) immediately after UVB exposure and after a 24-h incubation period. As shown in Fig. 3 , there was no difference in the number of UV-irradiated or unirradiated MN at either time point nor was there a detectable difference in fluorescence intensity between the two cell populations. Thus, an inability of MN(UV) to bind OKT3 molecules was not due to a lack of p72 Fc receptors.
Because MAb32 does not recognize the ligand binding site of the p72 Fc receptor (28), it was possible that although the p72 Fc receptor was present on the monocyte surface it was unable to bind to the OKT3 molecule. To exclude this possibility, the binding of FITC-conjugated OKT3 antibodies was determined cytofluorometrically with a window selecting for the monocyte population. No difference in binding of FITC-OKT3 between MN(no UV) and MN(UV) could be detected immediately after UVB exposure or after 24, 48, or 72 h.
Monocytes express ICAM-1 on their cell surface which binds to LFA-I on the surface ofT cells (29, 39) . This receptor ligand interaction provides a stimulus independent mechanism for T cell binding to monocytes. Since alterations in Fc receptor expression or function did not appear to be responsible for the inability of T lymphocytes to bind to monocytes, studies were carried out to determine whether ICAM-l expression was necessary for OKT3-induced T cell binding and proliferation, and, if so, whether monocyte expression of ICAM-1 was affected by UVB exposure. When the anti-ICAM-1 antibody RR 1/1 was added continuously to cultures containing unirradiated monocytes, T cells and OKT3, OKT3-induced T cell proliferation was inhibited by greater than 80% (Table V) . Isotype specific control antibodies did not affect the T cell proliferative response (data not shown). In cell binding assays, the addition of anti-ICAM-1 antibodies inhibited the development of clusters around unirradiated monocytes (Table VI) . Isotype specific monoclonal antibodies did not inhibit binding of T cells to monocytes (data not shown).
The results of these experiments indicated that ICAM-1 expression was essential for T cell interactions with monocytes in the OKT3 assay.
To assess the effects of UVB on ICAM-1 expression, monocytes were UV-irradiated, incubated overnight, and then stained with the anti-ICAM-l monoclonal antibody. In contrast to the lack of an effect on Fc receptor expression, UVB irradiation of monocytes produced a dose-dependent decrease in ICAM-l expression (Fig. 4) . 100 J/m2 UVB inhibited ICAM-1 expression by 82%, indicating that UVB radiation had a major effect on MN (40) (41) (42) . In particular, T cells express LFA-l and CD2 on their cell surface which bind to ICAM-I and LFA-3, respectively, on monocytes. T cell proliferative responses to PPD have been shown to be inhibited by antibodies to ICAM-1 (40) . The finding in this study that UVB radiation inhibited ICAM-I expression on monocytes provides evidence to suggest that this form of radiant energy impairs accessory cell-T cell interactions that lead to T cell activation through an effect on this molecule. It is also possible that other membrane proteins including other adhesion molecules could be additional contributing factors to the deficient binding of T cells to UVB-irradiated monocytes.
The effect of UVB radiation on IL-l production by MN and keratinocytes is controversial. While some investigators In summary, the present study demonstrates that UVB-induced modulation of human MN accessory cell function is associated with a decrease in expression of MN membrane ICAM-1. To our knowledge, this is the first report describing the cell membrane as a major target structure in UVB effects on accessory cells. Further studies are under way to examine whether the cell membrane is the actual chromophore and which membrane components are altered by UVB.
